Thank you for submitting your manuscript entitled "Oscillatory cAMP Signaling Rapidly Alters H3K4 Methylation and Gene Expression" to Life Science Alliance. The manuscript was assessed by expert reviewers, whose comments are appended to this letter.
part the data are rigorously analyzed. However, this manuscript is rather descriptive and relies almost entirely on inhibitors and IF. Some additional supporting evidence for the proposed model should be provided before publication.
Main issue
1. How does cAMP addition affect cell proliferation and cycling? These may contribute to these results on histone methylation changes so this analysis should be performed. In Fig 1E and F, why are H3K4me3 levels increased after washout while diMe2 isn't, which is another substrate for KDM5 demethylases? Could there be additional effects on other enzymes that could explain these results? 2. This manuscript relies almost exclusively on inhibitors. Some genetic experiments should be performed to validate these results. When genetic experiments were performed in Fig 4, H3K4me3 and Fe(II) levels were not even examined. Fig 4 appears to be a little peripheral to the main story so the experiments performed on H3K4me3 should be done for Fig 4D and 4E (4E lacks labels for the IF images as well). 3. It is surprising that there are no changes in H3K4me3 levels in control and time 0 experiments when histone demethylase and methyltransferase inhibitors are used. How do the authors know that these are working? Similarly, why is there no difference between control and 0 hr in Fig 2C while clearly Reviewer #2 (Comments to the Authors (Required)):
Huff et al. use cAMP pathway inhibitors and activators to show that the cAMP signaling transiently alters the levels of H3K4 trimethylation in cultured Schwann cells, and the kinetics of this effect requires histone methyltransferases and histone demethylases. Furthermore, intracellular Fe(II) is necessary and sufficient for the observed effect, likely involving RapGEF2. Finally, the authors performed ChIP-seq and nascent RNAseq experiments after 0.5 h cAMP treatment and a short washout (0.5 h) or a long washout (3.5 h). They find that promoters with high levels H3K4me3 are downregulated globally after the short washout and back to normal after the long washout. The long washout timepoint is accompanied by an increase in nascent transcript levels relative to the short washout. They conclude that cAMP affects both H3K4me3 levels and gene expression.
The main finding, that cAMP levels can globally regulate H3K4me3 is interesting since it makes a novel connection between stress, metabolism and global regulation of gene expression. The experiments in this manuscript clearly support the role of cAMP signaling in modulating the levels of H3K4Me3 in Schwann cells. However, how the changes in H3K4me3 levels affect the transcription of genes is not well addressed and the corresponding analysis of the nascent transcript levels is questionable. Therefore, analysis of these data and the conclusions need to be addressed before publication. The manuscript could also benefit from rewriting and spelling out the larger implications of the finding.
Major points:
1) The analysis of the nascent RNA-seq data in Figure 6D and E is confusing and as far as I understand inconsistent with the H3K4me3 data and the conclusions drawn by the authors. They do not support a global effect on transcription. The figure itself lacks a clear description of what data are shown and what the red and blue data represent (the scale is unlabeled and goes from -2 to 2). It says Z-score in the legend, and based on the method description I am guessing that it represents statistically significant differential transcript levels between the short and long washout. But if these are significant transcript differences, why are the control data shown and why were the replicates processed separately? In any case, it looks like the authors only show differentially expressed transcripts, which means that the effect is not global and that they are probably documenting a specific cellular response to the cAMP treatment. It is well possible that the first cellular response includes transcription down-regulation, followed by an increase or a recovery from this effect. However, the authors need to show this better, with a direct comparison between ChIP-seq and nascent RNA-seq data. If the effect on transcription is more complicated, the authors need to tone down their conclusions regarding the regulation of gene expression.
2) The manuscript should be accessible to a general reader. While the overall message is clear, the section on how "cAMP signaling elevates labile RapGEF2dependent V-ATPase assembly" could benefit from rewriting, having a more general audience in mind. Furthermore, it would be nice to include a model at the end of how the cAMP pathway affects H3K4me3 levels and a brief discussion on the general implications of why the cell might react to cAMP levels by decreasing H3K4me3 levels.
Minor points:
1) The concentration of cAMP used in their experiments is not consistent. In figure 1C , authors treat cells with 50uM of cAMP, while in figure S3 , 100 uM of cAMP was used for the treatment. In figure S3 , H34Me3 marks was completely abolished after 30 minutes treatment with 100 uM cAMP, while in figure 1C , 30 minutes of treatment with 50 uM cAMP (0 hours washout after cAMP treatment) did not abolish H3K4Me3. Th authors should justify the use of different cAMP concentration in these experiments.
2) The authors observed that even in A2058 melanoma cells, elevated cAMP lead to a rapid reduction in H3K4Me3 mark, stating that this is a 'general effect'. Do the authors mean that the changes in H3K4Me3 levels induced by cAMP are general for those cells that express the specific Jmjc-domain containing histone methyltransferase? Or does cAMP induce similar effects on cells with low or no expression of this Jmjcdomain containing histone methyltransferase? This should be more clearly explained, and unless tested on further cell lines, I would recommend rewording to "likely a more general effect".
3) Changes in H3K4Me3 upon cAMP treatment in A2058 cells is not as strong as in Schwann cells. Does the cAMP treatment in A2058 cells lead to changes in H3K4Me2 or H3K4Me1 marks? 4) In Figure S5 , what was the time of the CGPR treatment? We see a complete loss of H3K4Me3 after treatment with 10 nM CGPR in figure S5 (not sure about the time of treatment), but such an effect is not observed in figure 2A with 10 nM CGPR treatment. Huff and collaborators provide insightful data on the role of G-protein coupled receptors and cAMP in the regulation of H3K4me3 levels. H3H4me3 is an important histone modification, associated mostly with transcriptionally active promoter regions. The authors demonstrate that cAMP increase correlates with decrease of H3K4me3, and the effect is reversed by "rescue" experiments with washout. They also suggest that cAMP-induced H3K4me3 demethylation is modulated by the co-factor Fe and that the demethylation of H3K4me3 in their system is regulated by KDM5 and HMTs. Finally they use genomics to demonstrate that the phenotypes they observe is also retrieved genome-wide on chromatin, with effects on nascent transcription. The manuscript is overall well written, the findings are novel and insightful. However, I believe there is room for improvement, as listed in the following points: 1) Abundant literature, has suggested that H3K4me3 is a co-transcriptionally deposited histone modification, meaning that it could be a consequence and not a determinant of active transcription. What are the authors thoughts about this? Is it possible that the effects on transcription that they show in Fig. 6 are actually directly due to cAMP elevation and that what they see on H3K4me3 is simply reflecting the transcriptional attenuation caused by cAMP. If the authors cannot demonstrate this (e.g. looking at levels of transcription factors associated to transcriptional initiation), they should at least discuss this point in the discussion.
5) Show examples of a few individual genes supporting changes in
2) The authors never show p-values to support the significance of the genomic analyses showed in Fig. 6 . While the decrease in H3K4me3 is visible, it is not clear to me if that is significant genome-wide.
3) Nascent RNA analysis: how was differential gene expression measured on nascent RNA? Did the authors use only the exon to compute gene expression or the whole gene? In the latter case, how did the authors distinguished between gene transcription and transcription of intronic enhancers normally detected by nascent RNA techniques? This is one of the reasons why nascent RNA is normally not used to compute differential gene expression, but mostly to produce average gene profiles showing transcriptional levels. I would recommend the authors clarify on this.
1st Authors' Response to Reviewers November 11, 2019 Reviewer #1 (Comments to the Authors (Required)):
Main issue
1. How does cAMP addition affect cell proliferation and cycling? These may contribute to these results on histone methylation changes so this analysis should be performed.
Following the reviewer's suggestion, we performed both cell cycle and proliferation analyses of primary Schwann cells after cAMP treatment and washout. Using flow cytometry and propidium iodide staining to assess nuclear DNA content, we found that brief (30 minutes) treatment with cAMP or treatment followed by washout had no observable effect on cell cycle kinetics compared to untreated controls. No matter the condition, most Schwann cells (>90%) were observed in the G0/G1 phase while exhibiting negligible DNA synthesis (~0.3 -0.5%), reflective of a primary cultured post-mitotic cell phenotype ( Figure R1 ).
Figure R1
. cAMP treatment and washout does not alter cell cycle kinetics. Flow cytometry analysis shows that >90% of Schwann cells are in the G0/G1 phase, ~5% in the G2/M phase, and 0.3 -0.5% in the S phase. The cell cycle is not altered by cAMP treatment (30 minutes, 50 M) followed by washout.
To determine cell proliferation, we assessed the incorporation of EdU in primary Schwann cells. We found that neither brief cAMP treatment nor treatment followed by washout had any observable effects on EdU incorporation. In corroboration of the flow cytometry data, we found that EdU incorporation ranged between 0.1 -0.2%, indicating nearly negligible proliferation in both control and treated conditions ( Figure R2 ). Overall, the baseline proliferation rate of primary Schwann cells is low. Brief cAMP treatment followed by washout has no obvious impact on the cell cycle and proliferation of primary Schwann cells, suggesting the impact of cAMP on histone demethylation is less likely affected by cell cycle and proliferation changes. Fig 1E and F, why are H3K4me3 levels increased after washout while diMe2 isn't, which is another substrate for KDM5 demethylases? Could there be additional effects on other enzymes that could explain these results?
In
After washout, the rebound of H3K4me3 but not H3K4me2 is likely to be explained by the dynamic methylation of H3K4, which is governed by the opposite activities of HMTs for methylation and (mainly) KDM5 for demethylation. H3K4 can be tri-, di-, mono-, or unmethylated (H3K4me3, H3K4me2, H3K4me1, and H3K4) respectively. H3K4me3 cannot be methylated further but can only be demethylated. Unmodified H3K4 cannot be demethylated further and can only be methylated. In contrast, both H3K4me2 and H3K4me1 can be methylated by HMTs and demethylated by KDM5, thus one may expect their state to be more transient relative to H3K4me3 or unmodified H3K4 ( Figure R3 ). After washout of cAMP (removing the boost of KDM5 activity), HMT-mediated methylation of H3K4 accumulates at H3K4me3 but not H3K4me2 since the latter as a substrate could be further methylated to H3K4me3. To our understanding, this is similar to a cascade water fountain where the bottom basin, not middle ones, accumulates water. Overall, in our system cAMP-induced demethylation likely triggers a feedback mechanism leading to increased methylation following washout resulting in H3K4me3 accumulation. Figure R3 . Schematic of H3K4 methylation and demethylation. Histone methyltransferases (HMTs) establish H3K4 methylation while KDM5 demethylases antagonize H3K4 methylation.
This manuscript relies almost exclusively on inhibitors. Some genetic experiments
should be performed to validate these results.
Following the reviewer's comments, we used siRNA to knockdown the expression of KDM5 in primary Schwann cells. The results show that cAMP treatment induced H3K4me3 demethylation in control cells and cells treated with non-targeting (Scramble) siRNA, while treatment with KDM5A/B/C siRNA abolished cAMP-induced H3K4me3 reduction ( Figure R4 ). These data validate our finding with KDM5 inhibitor KDOAM-25, showing that cAMP-induced H3K4me3 demethylation is indeed mediated by KDM5 demethylases. We've now included these data in the supplementary materials ( Figure S11 ) and have described these findings in the results section (Lines 256-260). Additionally, we have updated the methods to describe our procedure for KDM5 siRNA silencing (Lines 529-537).
"We then used siRNA silencing of KDM5A/B/C isoforms to further validate their role in cAMP-induced H3K4me3 demethylation. cAMP caused significant H3K4me3 demethylation in Schwann cells provided no siRNA or treated with non-targeting (Scramble) siRNA. However, treatment with KDM5 siRNA abolished cAMP-induced H3K4me3 demethylation ( Figure S11 )." We attempted to use the available RapGEF2 knockout NS-1 cells to examine the mechanistic role of RapGEF2 in labile Fe(II) elevation caused by cAMP. Following the reviewer's suggestions, we assessed H3K4me3 after forskolin and isoproterenol treatment in both NS1 wildtype (WT) and NS1 RapGEF2 knockout (KO) cells. Our preliminary results show that treatment with either forskolin (100 M) or isoproterenol (10 M) had no drastic effect on H3K4me3 in both NS1 WT and RapGEF2 KO cells ( Figure R5 ). This result is not surprising considering our working hypothesis regarding the mechanism underlying cAMP-induced H3K4me3 demethylation. We found that cAMP causes an increase in intracellular labile Fe(II) which serves as a cofactor for KDM enzymes that demethylate histones. According to our existing RNA-seq data, the highest expressed histone demethylases in primary Schwann cells are KDM5 enzymes which antagonize H3K4me3 (Table S1 ). Although H3K4me3 demethylation via KDM5 is most prominently observed in Schwann cells, we do not believe H3K4me3 alterations will be identified in all other cell types upon cAMP treatment using the relatively crude methods such as immunostaining and immunoblot, mainly because different cell types express different KDM enzymes which antagonize different histone methylation marks. Perhaps highthroughput methods such as ChIP-seq and quantitative mass spectrometry could identify the changes in histone methylation profile upon cAMP stimulation in NS-1 cells, which is out of the focus of this manuscript. Following the reviewer's comments, we've included labels for the IF images in this panel. Figure R5 . cAMP signaling does not alter H3K4me3 in NS1 cells. Immunofluorescence shows no obvious H3K4me3 changes in NS1 wildtype (WT) and RapGEF2 knockout (KO) cells treated with forskolin (100 m) or isoproterenol (10 m). Scale bar = 20 m.
It is surprising that there are no changes in H3K4me3 levels in control and time 0 experiments when histone demethylase and methyltransferase inhibitors are used. How do the authors know that these are working?
We thank the reviewer's comments on inhibitors' effective time. In our experiment, time 0 represents the time at the moment of washout after cAMP treatment. Prior to cAMP treatment, cells were pretreated with HMT inhibitors (HMTi) MM-102 and MI-2. We chose the pretreatment time based on the time course effect of HMTi on H3K4me3 in Schwann cells. As shown in Figure R6 , treatment with HMTi showed a drastic H3K4me3 decrease after 8 h but had no effect at 1 h or 3 h in Schwann cells. In our experiment in Fig. 5B , we pretreated the cells with HMTi for 3 h before treating with cAMP for 0.5 h followed by washout. At time 0, cells had been exposed to HMTi only for 3.5 h, which explains why H3K4me3 remained at a similar level as the control at this timepoint. We used HMTi in order to test if the rebound of H3K4me3 at 3.5 h time point after washout was mediated by HMT. Indeed, decreased H3K4me3 was observed at timepoint of 3.5 h after washout. In total, 7 h of exposure to HMTi could allow HMTi to effectively inhibit H3K4 methylation. Following the reviewer's comments, we also conducted time course experiment with KDM5 inhibitor KDOAM-25, which showed an increase in H3K4me3 only after 48 h but not earlier ( Figure R7 Figure R8 ). Cells without pretreatment expectedly showed a decrease in H3K4me3 0.5 h after washout which rebounded after 3.5 h. When pretreated with KDOAM-25 for 48 h, cells at time 0 and control conditions exhibited higher levels of basal H3K4me3 compared to non-pretreated cells. Additionally, KDOAM-25 pretreatment abolished cAMP-induced H3K4me3 demethylation 0.5 h after washout. Figure 5 A and C in the manuscript have been updated by these new data. Again, we thank the reviewer's very helpful comments to improve this experiment. To understand what types of genes were regulated by cAMP treatment, we performed Gene Ontology (GO) Biological Process pathway analysis. We found that cAMP treatment and washout 3.5 h upregulated pathways such as protein targeting to the endoplasmic reticulum and several pathways involving protein membrane targeting. Conversely, pathways such as positive chemotaxis and positive regulation of triglyceride biosynthesis were downregulated ( Figure S12 ) as presented in our original manuscript. Following the reviewer's comments, we have now included representative examples of genes with corresponding changes in transcription and H3K4me3 in the supplemental materials. Table  S4 shows the top 20 highest upregulated genes with increased H3K4me3 content 3.5 h following washout since a majority of differential transcripts were upregulated following washout.
Reviewer #2 (Comments to the Authors (Required)):
1. The analysis of the nascent RNA-seq data in Figure 6D and E is confusing and as far as I understand inconsistent with the H3K4me3 data and the conclusions drawn by the authors. They do not support a global effect on transcription. The figure itself lacks a clear description of what data are shown and what the red and blue data represent (the scale is unlabeled and goes from -2 to 2). It says Z-score in the legend, and based on the method description I am guessing that it represents statistically significant differential transcript levels between the short and long washout. But if these are significant transcript differences, why are the control data shown and why were the replicates processed separately? In any case, it looks like the authors only show differentially expressed transcripts, which means that the effect is not global and that they are probably documenting a specific cellular response to the cAMP treatment. It is well possible that the first cellular response includes transcription down-regulation, followed by an increase or a recovery from this effect. However, the authors need to show this better, with a direct comparison between ChIP-seq and nascent RNA-seq data. If the effect on transcription is more complicated, the authors need to tone down their conclusions regarding the regulation of gene expression. The heatmap presented displays RNA-seq expression data in accordance with the standards of the field (Hervera et al. 2018, Nat Cell Biol 20: 307-319) , and is intended to give the reader an overview of changes in the transcriptome. Each row of the heatmap shows a color representation of the Z-scores of expression levels for an individual transcript. Red colors represent high expression and blue values represent lower expression. The Z-scores cannot be generated without using the control samples as well, and control expression is traditionally included in heatmaps as well as individual replicates. Nondifferential transcripts are not shown in heatmaps as they are typically uninformative in comparison to differential transcripts following treatment. The term 'global' in our manuscript was used to indicate a large shift in the transcriptome, indicating that many genes change in expression. Our intention was not to mean that all transcripts in the genome change in expression following treatment, but rather that these changes are widespread. To avoid confusion and provide clarity, we've changed the word "global" to "widespread" in the sequencing section of the manuscript and the discussion. Additionally, the Figure 6D figure legend regarding the heatmap now states "Heatmap of the relative abundance of reads for statistically significant differential nascent transcripts after brief cAMP treatment followed by washout represented by plotted Z scores" to better explain the presented data.
2. The manuscript should be accessible to a general reader. While the overall message is clear, the section on how "cAMP signaling elevates labile RapGEF2dependent V-ATPase assembly" could benefit from rewriting, having a more general audience in mind.
Following the reviewer's suggestion, we have rewritten this section to make it clearer and more accessible to a general audience (Lines 208-244).
3. Furthermore, it would be nice to include a model at the end of how the cAMP pathway affects H3K4me3 levels and a brief discussion on the general implications of why the cell might react to cAMP levels by decreasing H3K4me3 levels.
Following the reviewer's suggestion, we've now included a figure which summarizes our working model of GPCR-cAMP regulation of H3K4me3 demethylation as a new Figure 7 in the manuscript. Additionally, we've included a brief discussion on the general implications of this signaling pathway (Lines 371-378):
"Cells are constantly exposed to a barrage of extracellular stimuli and must dynamically respond to them in order to function and survive. cAMP-induced histone demethylation via GPCR activation could be a signaling mechanism employed by the cell in order to swiftly alter transcription in response to a dynamically changing microenvironment. Utilizing cAMP, the evolutionarily conserved second messenger, repurposes an intracellular process that is not only rapid but is responsive to a diversity of extracellular stimuli which activate GPCRs, thus conferring a more nuanced cellular response to dynamic environmental challenges." Minor points:
1) The concentration of cAMP used in their experiments is not consistent. In figure  1C , authors treat cells with 50uM of cAMP, while in figure S3 , 100 uM of cAMP was used for the treatment… The authors should justify the use of different cAMP concentration in these experiments.
Intracellular cAMP levels vary according to receptors and cell types, ranging from 10 nM to 10 -50 M after stimulation of Gs-coupled receptors (Conti et al. 2014, J Gen Physiol 143: 29-38) . We used membrane-permeable 8-CPT-cAMP in our experiments. Since the cellular permeability of 8-CPT-cAMP is ~20% (Werner et al. 2011, Naunyn Schmiedebergs Arch Pharmacol 384: 169-176), treatment with 100 M 8-CPT-cAMP can increase intracellular cAMP to ~20 M, which is within the endogenous range. We first observed cAMP-induced H3K4 demethylation using this dose. However, we found in later experiments that 50 M (~10 M intracellular concentration) was sufficient to induce H3K4 demethylation. To minimize potential off-target effects, we therefore continued our experiments using this dose. All main figures within the text (excluding the initial experiment Figure 1A ) are performed using 50 M 8-CPT-cAMP.
…In figure S3, H34Me3 marks was completely abolished after 30 minutes treatment with 100 uM cAMP, while in figure 1C , 30 minutes of treatment with 50 uM cAMP (0 h washout after cAMP treatment) did not abolish H3K4Me3…
A higher concentration of cAMP likely induces a quicker response in H3K4me3 compared to a lower concentration due to the relative difference in cAMP availability within the medium following treatment.
2) The authors observed that even in A2058 melanoma cells, elevated cAMP lead to a rapid reduction in H3K4Me3 mark, stating that this is a 'general effect'. Do the authors mean that the changes in H3K4Me3 levels induced by cAMP are general for those cells that express the specific Jmjc-domain containing histone methyltransferase? Or does cAMP induce similar effects on cells with low or no expression of this Jmjc-domain containing histone methyltransferase? This should be more clearly explained, and unless tested on further cell lines, I would recommend rewording to "likely a more general effect".
We suggested that labile Fe(II) elevation and histone demethylation is likely a general effect of cAMP. However, the exact demethylation response would be contingent upon the expression of different KDMs in the cell. For primary Schwann cells, the highest expressed KDM enzymes are KDM5A, KDM5B, and KDM5C (Table S1 ) which demethylate H3K4me3. However, KDM expression profiles vary between cells and may therefore produce cell type dependent effects on histone demethylation in response to cAMP. We re-wrote the section regarding the response of A2058 cells to cAMP and how this is likely a general effect (Line 119-125).
"We also tested A2058 melanoma cells which, like Schwann cells, are of neural crest origin and may express similar JmjC domain-containing histone demethylases and therefore exhibit H3K4me3 demethylation upon cAMP treatment. The rapid reduction in H3K4me3 was also observed in A2058 cells along with a swift recovery towards baseline levels following cAMP removal ( Figure S4 ). Collectively, these results suggest that the regulation of histone demethylation could be a general effect of cAMP signaling"
We also further elaborate upon this result in the discussion (Lines 411-418):
"The regulation of histone demethylation could be a general effect of cAMP signaling, as the suppression of H3K4me3 by cAMP was also verified in A2058 melanoma cells. A2058 cells, like Schwann cells and melanocytes, are of neural crest origin and may share similar JmjC domain-containing histone demethylase expression profiles, which could explain why H3K4me3 is preferentially demethylated in both cell types. Since all JmjC domaincontaining histone demethylases utilize Fe(II) for demethylase activity, it is expected that cAMP signaling would fluctuate different histone marks depending on the JmjC histone demethylase expression profile of a given cell type"
3) Changes in H3K4Me3 upon cAMP treatment in A2058 cells is not as strong as in Schwann cells. Does the cAMP treatment in A2058 cells lead to changes in H3K4Me2 or H3K4Me1 marks?
Indeed, cAMP treatment only caused a relatively smaller H3K4me3 change in A2058 cells. Following the reviewer's suggestion, we assessed changes in H3K4me2/1 after cAMP treatment followed by washout in A2058 cells. Although we observed a trend of H3K4me2 decrease and a trend of H3K4me1 increase 0.5 h after washout, there was no statistically significant difference in H3K4me2 or H3K4me1 following cAMP (30 minutes, 50 M) treatment and washout ( Figure R9 ). Figure R9 . cAMP treatment followed by washout does not affect H3K4me2/1 in A2058 melanoma cells. Immunoblot of H3K4me2 and H3K4me1 in A2058 melanoma cells after cAMP (50 M) treatment followed by washout. Band density quantifications show no significant change in H3K4me2 and H3K4me1 after cAMP treatment followed by washout. Figure S5 , what was the time of the CGPR treatment? We see a complete loss of H3K4Me3 after treatment with 10 nM CGPR in figure S5 (not sure about the time of treatment), but such an effect is not observed in figure 2A with 10 nM CGPR treatment.
4) In
The treatment time for Figure S5 was 2 h, whereas the treatment time for Figure 2A was 0.5 h followed by washout. This may explain why an effect by CGRP at 10 nM is observed in Figure S5 but not in Figure 2A . We've now amended the figure legend for Figure S5 to include the treatment time.
5) Show examples of a few individual genes supporting changes in ChIP-seq and RNA-seq data, perhaps as a supplementary figure.
We have now included Table S4 that shows the top 20 transcription upregulated genes with increased H3K4me3 content 3.5 h following washout in the supplemental materials.
6) Figure S4 legend -typing error (H3K36Me3)
This has now been corrected. Reviewer #3 (Comments to the Authors (Required)): Fig. 6 are actually directly due to cAMP elevation and that what they see on H3K4me3 is simply reflecting the transcriptional attenuation caused by cAMP. If the authors cannot demonstrate this (e.g. looking at levels of transcription factors associated to transcriptional initiation), they should at least discuss this point in the discussion.
1) Abundant literature, has suggested that H3K4me3 is a co-transcriptionally deposited histone modification, meaning that it could be a consequence and not a determinant of active transcription. What are the authors thoughts about this? Is it possible that the effects on transcription that they show in
H3K4me3 is traditionally associated with the promoters of transcriptionally active genes. Whether H3K4me3 alone is a consequence or a determinant, both, or neither, of active transcription is an ongoing inquiry in the field. Following the reviewer's suggestion, we investigated the expression of general transcription factors (i.e. TFIIB, TFIID, etc.), which regulate transcription initiation in Schwann cells, from our nascent RNA-seq data (Sainsbury et al. 2015, Nature Reviews Molecular Cell Biology 16: 129-143). No general transcription factor assessed exhibited changes in nascent transcription after cAMP treatment followed by 0.5 h or 3.5 h washout. However, from our data it is difficult to include or exclude the potential influence of co-transcriptional H3K4me3 deposition. We therefore add the following sentence in the discussion (Lines 389-392)
"H3K4me3 is known to be co-transcriptionally deposited. Although H3K4me3 is classically associated with the promoters of transcriptionally active genes, it remains unclear whether cAMP-induced H3K4me3 is a consequence or a determinant of the differentially transcribed genes."
Additionally, we examined our RNA-seq data for transcription factors listed in the TRANSFAC transcription factor database which showed 11 transcription factors were upregulated and 9 downregulated from 0.5 -3.5 h following washout (Table R1 ). At this time, it is difficult to include or exclude the potential influence of these transcription factors on the observed increase in transcription 3.5 h following washout.
Following the reviewer's comment, we re-examined our ChIP-seq data using edgeR. Overall, 16,364 total peaks were analyzed. From control to the 0.5 h, 1,391 peaks were downregulated and 856 peaks were upregulated. From the 0.5 h to 3.5 h, 2,364 peaks were downregulated and 2,277 peaks were upregulated. These results showed that we indeed detected a global net decrease in H3K4me3 at 0.5 h following washout as observed using other methods (immunoblot, immunofluorescence). However, we did not observe a significantly higher net recovery in H3K4me3 at 3.5 h. Although the trend of H3K4me3 recovery is obvious if all peaks are considered, lack of statistical significance is likely due to sample variability at this time point and smaller replicates. Considering our findings obtained from orthogonal approaches, we consider these results to be biologically significant. We have now included this differential analysis as part of the main text (Line 273-278). Additionally, we've amended the Figure 6A legend to make clear that the heatmap presented shows all peaks rather than differential peaks only.
"Differential peak analysis showed that 1,391 peaks were downregulated and 856 peaks were upregulated at 0.5 h, resulting in an observed net decrease in H3K4me3. Although a trend was observed, differential peak analysis found that 2,364 peaks were downregulated and 2,277 peaks were upregulated at 3.5 h, resulting in no net increase at 3.5 h likely due to the high variability between samples in this condition."
3) Nascent RNA analysis: how was differential gene expression measured on nascent RNA? Did the authors use only the exon to compute gene expression or the whole gene? In the latter case, how did the authors distinguished between gene transcription and transcription of intronic enhancers normally detected by nascent RNA techniques? This is one of the reasons why nascent RNA is normally not used to compute differential gene expression, but mostly to produce average gene profiles showing transcriptional levels. I would recommend the authors clarify on this.
In our method, we computed expression using the whole gene and the program edgeR, a statistical package designed for analyzing differential expression using count data from sequencing experiments. In our experiment we captured nascent transcripts which have yet to undergo intronic splicing. Due to the nature of nascent reads tending to contain these pre-processed transcripts, reads that contained exonic segments were all included whether or not part of the read aligned into an intron. The purpose of our nascent RNA seq analysis was to show that average gene transcriptional profiles were changing following rapid cAMP stimulus which co-occurred with changes in H3K4me3 and would potentially not be captured using other RNA seq methods due to the short nature of our treatment. To make this point clear, we have included this explanation within the methods of the manuscript under the "Nascent RNA-seq" section (Lines 584-586).
"Due to the nature of nascent reads to contain pre-processed transcripts which have not undergone RNA splicing, reads containing both exonic and intron segments were aligned and included in our analysis."
In conclusion, we thank all the reviewers for their many helpful comments and suggestions that have led to a significant improvement of our revised manuscript. We would also like to thank you for your time and effort in handling our manuscript. While few limitations remain, we feel that the results of our study are timely and will be of interest to the wider research community working on cAMP signaling, Fe(II) regulation, and histone demethylation. Thank you for submitting your manuscript entitled "Oscillatory cAMP Signaling Rapidly Alters H3K4 Methylation and Gene Expression" to Life Science Alliance. The manuscript was assessed by the original reviewers again, whose comments are appended to this letter.
As you will see, the reviewers appreciate the introduced changes but still raise some concerns that need to get addressed. Doing so should be feasible in a further minor revision and following the constructive input provided by the reviewers. We would thus like to invite you to submit a final version of your manuscript to us. Importantly:
-Please address the remaining reviewer concerns -Please add a callout to figure S12 -Please upload Table S2 and S3 as separate files. To upload the revised version of your manuscript, please log in to your account: https://lsa.msubmit.net/cgi-bin/main.plex You will be guided to complete the submission of your revised manuscript and to fill in all necessary information. Please get in touch in case you do not know or remember your login name.
We would be happy to discuss the individual revision points further with you should this be helpful.
While you are revising your manuscript, please also attend to the below editorial points to help expedite the publication of your manuscript. Please direct any editorial questions to the journal office.
The typical timeframe for revisions is three months. Please note that papers are generally considered through only one revision cycle, so strong support from the referees on the revised version is needed for acceptance.
When submitting the revision, please include a letter addressing the reviewers' comments point by point.
We hope that the comments below will prove constructive as your work progresses.
Thank you for this interesting contribution to Life Science Alliance. We are looking forward to receiving your revised manuscript.
Sincerely, Andrea Leibfried, PhD Executive Editor Life Science Alliance Meyerhofstr. 1 69117 Heidelberg, Germany t +49 6221 8891 502 e a.leibfried@life-science-alliance.org www.life-science-alliance.org
A. THESE ITEMS ARE REQUIRED FOR REVISIONS
--A letter addressing the reviewers' comments point by point.
--An editable version of the final text (.DOC or .DOCX) is needed for copyediting (no PDFs).
--High-resolution figure, supplementary figure and video files uploaded as individual files: See our detailed guidelines for preparing your production-ready images, http://www.life-science-alliance.org/authors --Summary blurb (enter in submission system): A short text summarizing in a single sentence the study (max. 200 characters including spaces). This text is used in conjunction with the titles of papers, hence should be informative and complementary to the title and running title. It should describe the context and significance of the findings for a general readership; it should be written in the present tense and refer to the work in the third person. Author names should not be mentioned.
B. MANUSCRIPT ORGANIZATION AND FORMATTING:
Full guidelines are available on our Instructions for Authors page, http://www.lifescience-alliance.org/authors
We encourage our authors to provide original source data, particularly uncropped/processed electrophoretic blots and spreadsheets for the main figures of the manuscript. If you would like to add source data, we would welcome one PDF/Excelfile per figure for this information. These files will be linked online as supplementary "Source Data" files.
***IMPORTANT: It is Life Science Alliance policy that if requested, original data images must be made available. Failure to provide original images upon request will result in unavoidable delays in publication. Please ensure that you have access to all original microscopy and blot data images before submitting your revision.***
Reviewer #1 (Comments to the Authors (Required)):
The authors have improved the manuscript with some new data and answers to reviewer's comments that were provided. Overall, the manuscript and its reported findings are better developed and the main scientific message that cAMP impacts histone methylation is more supported by data. However, this reviewer would still like the authors to resolve these two points that were not adequately addressed in their revision. These are important questions that upon answering fully will make this study appropriate for publication in LSA.
There are still a few issues that need to be addressed.
1. While the data is consistent with KDM5A, KDM5B and/or KDM5C being involved in cAMP-induced H3K4me3 demethylation, these experiments lack essential controls. The authors need to show that the siRNAs are knocking down these proteins and it would be preferable to do this separately, as well as in combination, to be able to say if there is demethylase that is more important than another and if it is really true that all 3 can compensate for each other. As is, the presented result in Figure S11 is not performed with the right controls to draw any strong and scientifically rigorous conclusions.
It was asked by multiple reviewers that some representative examples showing
ChIP-Seq and RNA-Seq were provided (for example genes observed in UCSD browser with -/+ treatment and H3K4me3 reads and for RNA-Seq, the reads of these genes. It may be that the authors misinterpreted this request as they did indicate that they showed some representative examples of genes and their changes in transcription after treatments but this is not what was requested. These additional data are required to better visualize and support the findings presented in Fig 6. For H3K4me3 and RNA-Seq, it may be better to show Control and 0.5, as well as 3.5. For Table S4 , while the top 20 upregulated genes exhibit large fold-change expression, the fold change for H3K4me3 appears to be modest, what are the top 20 genes for fold change for H3K4me3 and how does the transcription of these genes change when one uses H3K4me3 demethylation as a marker to identify these genes. This is important given the focus of H3K4me3 demethylation by cAMP in this study. Given the large decrease in H3K4me3 levels by IF after cAMP treatment and washout ( Fig 1C) , this is difficult to understand given the modest changes in H3K4me3 that are shown using genomic analysis. This may just be how the data is presented but as a reader, this is a distraction so it should be explained in the text and some of these other analyses provided to better understand the data and its meaning.
The revised manuscript by Huff et al is significantly improved and overall is of broad interest. However, my concerns related to the RNA-seq experiments and analysis in Figure 6 have not been properly addressed.
1) The authors did not make any direct comparison of the ChIP-seq and RNA-seq data as requested. Without this comparison, it is difficult to assess whether there is a correlation between cAMP-induced changes in H3K4Me3 and nascent transcription. A similar concern was also raised by reviewer 3 (point 1), questioning whether there is a causal relationship.
2) The analysis and presentation of the RNA-seq data in Figure 6D is still not appropriate. The authors used a standard R package, edgeR, but the way the analysis is performed and shown is not standard. Normally, replicates are used to assess the technical variation in order to assess whether differences between biological samples are significant. From the plot, it looks like replicates were often very inconsistent. This could either mean that the observed differences are very small and noisy (a Z-score does not say anything about the fold-change), or it could mean that the replicates were not processed properly. This is probably why Figure 6E looks so confusing: why are there so many up-regulated transcripts between the control and 0.5 h treatment, if
H3K4me3 is down-regulated? Based on the variation shown in Figure 6D , this might simply be noise.
3) Even if the data were better analyzed and presented, I am still doubtful that the data support the authors' claim. The fact that any changes in transcription are observed is not surprising. Given that only a fraction of genes is differentially regulated at FDR < 0.05 and that these changes are likely small (no fold-change is shown), claiming that there are widespread changes is not supported. And even if the changes were widespread, these changes could be secondary effects. Therefore, unless there really is a correlation between H3K4me3 levels and transcription, the RNA-seq data do not add anything to the manuscript. Given these issues, I recommend removing the RNA-seq analysis from the manuscript.
Reviewer #3 (Comments to the Authors (Required)):
The authors addressed my concerns. I am still skeptical about using nascent RNA to perform differential gene expression, but I believe this should not prevent the paper from being accepted.
2nd Authors' Responses to Reviewers 10 December 2019
Following the reviewer's suggestion, we assessed knockdown of KDM5A, KDM5B, and KDM5C from this experiment using qPCR. qPCR analysis shows that Schwann cells treated with KDM5 siRNA showed significant decrease of KDM5A and KDM5B compared to non-targeting Scramble siRNA following cAMP treatment ( Figure R1 ). KDM5C was not detected. In this experiment, KDM5 siRNA treatment included a combination of siRNAs targeting KDM5A, KDM5B, and KDM5C in order to determine if KDM5 mediates cAMP-induced H3K4me3 demethylation. It is currently unknown whether KDM5 family members can compensate for each other, though we feel this is outside the scope of this manuscript. We believe that siRNA silencing of KDM5 members in conjunction with our presented data using the pan KDM5 inhibitor support the conclusion that KDM5 enzymes underlie cAMPinduced H3K4me3 demethylation. Indeed, the previous request was misinterpreted. Due to the comments of Reviewer 2 and others, we have now removed nascent RNA-seq analysis from this manuscript. Therefore, only changes in H3K4me3 are presented. Following the suggestion of this reviewer, we have now created visualizations of H3K4me3 peak changes follow cAMP treatment in Samd1 and Fgpt, two representative example genes from our ChIP-seq data using Integrative Genomics Viewer (IGV) ( Figure  R2 ). These data have now been included in the main figures as Figure 6D . For Table S4 , while the top 20 upregulated genes exhibit large fold-change expression, the fold change for H3K4me3 appears to be modest, what are the top 20 genes for fold change for H3K4me3 and how does the transcription of these genes change when one uses H3K4me3 demethylation as a marker to identify these genes.
Since the RNA-seq analysis has been removed from the manuscript, now only H3K4me3 changes are considered. Following the reviewer's suggestion, we have now created a table of the top 20 genes showing largest fold decrease from Control to 0.5 hr (Table S4 ). Additionally, we have created another table showing the top 20 genes with the largest fold increase from 0.5 hr to 3.5 hr (Table S5) .
These have now been included as supplementary tables. : 25,121,283-25,122,019)  (Chr2: 261,402,563-261,402,955 ) Table S5 : Top 20 genes with increased H3K4me3 content 3.5 hr following washout.
Given the large decrease in H3K4me3 levels by IF after cAMP treatment and washout (Fig 1C) , this is difficult to understand given the modest changes in H3K4me3 that are shown using genomic analysis. This may just be how the data is presented but as a reader, this is a distraction so it should be explained in the text and some of these other analyses provided to better understand the data and its meaning. Reviewer #2 (Comments to the Authors (Required)):
2) The analysis and presentation of the RNA-seq data in Figure 6D is still not appropriate. The authors used a standard R package, edgeR, but the way the analysis is performed and shown is not standard. Normally, replicates are used to assess the technical variation in order to assess whether differences between biological samples are significant. From the plot, it looks like replicates were often very inconsistent. This could either mean that the observed differences are very small and noisy (a Z-score does not say anything about the fold-change), or it could mean that the replicates were not processed properly. This is probably why Figure 6E looks so confusing: why are there so many up-regulated transcripts between the control and 0.5 h treatment, if H3K4me3 is down-regulated? Based on the variation shown in Figure 6D , this might simply be noise.
We thank the reviewer for their comments regarding our nascent RNA-seq analysis. After careful consideration, we agree with the reviewer that the RNA-seq analysis adds little overall to the message of the manuscript. Due to the concerns of this reviewer and others, we have followed the reviewer's suggestion and have removed the RNA-seq analysis from the manuscript. The title of the manuscript now reads: "Oscillatory cAMP Signaling Rapidly Alters H3K4 Methylation".
Due to the concerns of this reviewer and others, the nascent RNA-seq analysis has been removed from the manuscript. We thank the reviewer for their support of our manuscript.
Editor's requests

Please address the remaining reviewer concerns
We have addressed the remaining concerns from the reviewers.
Please add a callout to figure S12
Following the suggestions of Reviewer 2 and others, we have removed the nascent RNA-seq analysis from the manuscript. Therefore, Figure S12 has been removed. Table S2 and S3 as separate files. Please provide short titles for the tables (in the manuscript docx file) Figure legends now mention the statistical test that was used to generate p-values.
Please upload
Please mention in the figure legends which statistical test has been used whenever mentioning p-values
Any duplications across several figures need to get explained within the manuscript text
As addressed in our previous correspondence, we have now removed unintended duplicated controls from Figure 4E /S10 which were performed in the same experiment and Figures S3/S8 which were also performed in the same experiment.
We have now provided figures with different control images from their respective experiments. We thank the editors for noticing this unintended error.
Please remove the legends from all figures (also from suppl figure files), all legends, including S figure legends, should be in the main manuscript docx file
Legends from all figures have been removed and have now been placed in the main manuscript docx file.
In conclusion, we thank all the reviewers for their many helpful comments and suggestions that have led to a significant improvement of our revised manuscript. We would also like to thank you for your time and effort in handling our manuscript. While few limitations remain, we feel that the results of our study are timely and will be of interest to the wider research community working on cAMP signaling, Fe(II) regulation, and histone demethylation. The final published version of your manuscript will be deposited by us to PubMed Central upon online publication.
Your manuscript will now progress through copyediting and proofing. It is journal policy that authors provide original data upon request.
Reviews, decision letters, and point-by-point responses associated with peer-review at Life Science Alliance will be published online, alongside the manuscript. If you do want to opt out of having the reviewer reports and your point-by-point responses displayed, please let us know immediately.
***IMPORTANT: If you will be unreachable at any time, please provide us with the email address of an alternate author. Failure to respond to routine queries may lead to unavoidable delays in publication.*** Scheduling details will be available from our production department. You will receive proofs shortly before the publication date. Only essential corrections can be made at the proof stage so if there are any minor final changes you wish to make to the manuscript, please let the journal office know now.
DISTRIBUTION OF MATERIALS:
Authors are required to distribute freely any materials used in experiments published in Life Science Alliance. Authors are encouraged to deposit materials used in their studies to the appropriate repositories for distribution to researchers.
You can contact the journal office with any questions, contact@life-sciencealliance.org Again, congratulations on a very nice paper. I hope you found the review process to be constructive and are pleased with how the manuscript was handled editorially. We look forward to future exciting submissions from your lab.
Sincerely, Andrea Leibfried, PhD Executive Editor Life Science Alliance Meyerhofstr. 1
